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(54) Wofl completion system 9nd method 

(57) The method includes running 9 liner 17, production 
packer 15 and poBshed bora recaplBCie (PBR) into 9 well 
on trio production tubing string 11, cementing the liner 17 
in place by pumping cement through the production 
tubing string 11. setting the packer 18, and optionally 
thereafter releasing an upper portion of the tubing string 
from the PBR. A seal assembly isolates the PBR bore from 
cement exposure during liner cementation. Annulus 
pressure produces s reverse fluid aurge and circulating 
flow to prevent PBR seal area contamination when the 
tubing string is lifted away from the PBR A connecting 
assembly 1 2 is suspended from a production tubing string 
11 to position the liner 17 in 9 weilbor* The connecting 
assembly transmits rotational and longitudinal forces 
from the production tubing string to property position and 
cement the liner in the weilbore. The connecting assembly 
includes a device 20 to limit torque forces on the tubing 
string, end 9 longitudinal slip mechanism 28 permits 
limited longitudinal movement between the connecting 
assembly end tubing string. A packer 15 ie set to seal 

V between the production tubing string 11 and the well 

casing. An extended length of tubing 11a extends below 
the packer to provide e continuous tutxngyilner-caslng 

i overlap area for ce mentati on. 
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WELL COMPLETION SYSTEM AND METHOD 

Ffdd of tfw Invention 

The present invention relates generally to tbe completion of wefla. More 
particularly, this invention relates to an improved method and system for cementing 
a liner in place within a well and for completing the well in a manner which 
minimi res tbe somber of trips into and out of the well. 
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Liners are typically used in petroleum recovery operations to caseoff new 
sections of wdlbro drilled bd™ of the well. The liner is 

conventionally attached to a drill string and is lowered with a liner hanger and a 
polished bore receptacle from the drill string through the cased part of the well until 
the liner is positioned in the open bore. The liner hanger is subsequently set to 
anchor the top of the Iiiier to the base <rf casmg, which previously 

was fixed within the well. 

The liner is conventionally cemented in theweflbore. A fluid cement slurry 
is pumped down the drill string and circulated up through the open wellborn and into 
theamulus area between the hner and the casing. A cement armulus is thus formed 
between tbe exterior of the liner and the walls of the wdlbore, and ideally extends 
from just below the liner to the base of tbe Hner hanger. 

In typical liner hanger instUl^^ 
of tbe previously cemented casing suing. The liner is thus suspended directly from 
the hanger, which in turn is suspended from the casing string. A polished bore 
receptacle (PBR) is positioned directly above the hanger, and is cemented in place 
with the liner hanger. Tins design provides a relatively short "overlap" between tbe 
25 casing and the liner, which mate it difficuU to place the 

in the overlap area without overdisplacing and forcing the cement above the liner 
hanger and polished bore receptacle. 
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The liner hanger is typically mechanically set by movement or fbites applied 
by die drill string or is hydraulically set by pressurising fluid in die drill string. 
After being set, the anchored liner hanger, polished bore receptacle, and attached 
liner may be released from the drill string by mechanical or hydraulic activation. 
5 In a typical liner installation, the liner hanger is equipped with a bearing 

member which permits the liner to be rotated after the liner hanger has been set 
Rotation of the liner during the cementation process is employed to improve the final 
placement of the cement around die liner and thus the quality of the cementing 
operation. Specialized hanger designs and setting tools operated by the drill string 

10 are employed to hang off and rotate the liner. 

After the cementing operation and the tripping out of the drilling string, the 
liner is commonly tied back tp the surface with a production tubing string. ThePBR 
provided directly above the Hner hanger has a smooth, cylindrical inner bore designed 
to receive and seal with an external seal assembly carried at the bottom of the tubular 

IS which stabs into the liner hanger PBR. Because the open bore of die PBR directly 
above the conventional liner hanger is exposed when the drill string is separated from 
the liner hanger, cement which frequently has been pumped above the liner hanger 
falls into the PBR bote when the drill pipe is disengaged from the hanger. The 
p r es ence of this debris, as well as mechanical damage to the receptacle occurring 

20 when cementing the liner in place, may prevent a seal assembly from subsequently 
entering or sealing with the receptacle bore. When this occurs, expensive and time 
consuming clean-up trips and repair procedures axe required. The operation of 
tripping the drill string in and out of the well to condition or repair the PBR and then 
running in with the production tubing may take days of rig time and cost hundreds 

25 of thousands of dollars. To complete the well, a production tubing string may be 
subsequently tripped in with a production packer which is normally set high above the 
liner hanger. Typically another PBR is provided for getting on and off the set 
production packer* 

The conventional polished bore receptacle at the upper end of the liner 

30 employs a polished bore diameter which is equal or larger than the internal diameter 
of the liner, so that a liner hanger PBR and sealing assembly do not restrict "full 



gauge" internal access to the liner. Tbe production tubing string may extend down 
and seal wim the liner PBR. tbe seal assembly for sealing with the liner PBR must 
seal the generally significant annular area between the liner PBR bore and the 
generally smaller outer diameter of the production tubing. This results in large 
pressure-induced forces acting above and bdow the seal assembly once the assembly 
is engaged with the liner polished bore receptacle. Most importantly, the liner 
PBR/production tubing seal assembly is exposed to normal fluid flow and pressure 
ftom the lower producing formation. These pressure-induced forces may impart 
excessive stresses into tbe production tubing string, resulting in distortion, burst 
and/or collapse of the production tubing string. 

A typical liner Installatio n employs an anchored production packer in an upper 
tubing-to-casing annulus to both isolate the liner PBR fiom full annular hydrostatic 
pressures, and to absorb and transfer to the casing the compressive tubing axial l oa ds 
resulting from normal high pressure-exposure of the internal piston area between the 
tubing and liner PBR. The casing may be open from above the liner PBR to bdow 
the production packer. Alternatively, a tubufatftyp^ 
production tubing may extend from the production packer to seal with the liner PBR. 
The typical installation farther includes a packer PBR, sized appropriately to the 
upper tubing, to permit disengagement for fluid circulation, tubing retrieval and 
accwnnwdation of normal length changes in the tubing string extending to the 
surface. 

During the cementing process, it is innportant to minimize formation damage 
by limiting the hydrostatic pressure imposed against the formation to be produced. 
Factors affecting the hydrostatic pressure include the height of the cement column in 
the drill string and the pump pressure required to overcome pumping friction 
pressures. High cement columns and high pump pressures can produce high 
hydrostatic pressures which may severely damage the producing formation. 

The quality of the cementation process is affected by both the velocity and the 
turbulence of the cement flow as it moves into the annulus between the liner and the 
surrounding weUbore and casing. A reduction in the velocity and turbulence of die 
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. cement flow would remit in increased cement inowne n t control and lea washout of 
tbe borehole as the cement is circulated into the open, bote amrolus. 

The disadvantages of the prior art are overcome- by the present invention, and 
an improved method and system are hereinafter diacioaed for cementing a liner in 
5 place within a wdlbore and more economically completing a well. Tbe technique of 
this invention minimiwa tbe number of trip-in and trip-out ope r ations, and also 
provides a reliable cementing operation while mitumiring formation skin damage. 
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finmp^ <rftlWifavention 

The system and method of tbe present invention employ a production tubing 
string rather than a drill pipe string to position a liner in a wcUbore and cement the 
liner in place. The technique of this invention rliminam the conventional liner 
5 banger, liner polished bote receptacle and seal assembly, drill pipe, and associated 
User hanger/polished bote receptacle running tools. A production packer and a 
polished bore receptacle (PBR) are run in with the production tubing string above the 
liner. A portion of the production tubing extends below tbe production packer and 
the polished bore receptacle and forms an extended overlap section between the tubing 
10 and surrounding casing in the area below the packer and above the base of the 
surrounding casing. This extended overlap section provides an ample area for 
complete crmmffiH™ between the production tubing and casing while reducing the 
danger of pumping the cement above the PBR. which is preferably spaced high above 
the lower end of die casing. Stringers of cement which tend to develop above the 
IS cement top during cementation are thus physically isolated from the production packer 
by the extended overlap, thereby minimizing contamination of the area above the 
production packer where tbe PBR is located. 

The system and method of the present invention permit the production tubing 
to be used to position, rotate and/or reciprocate the liner to more reliably position and 
20 cement the liner in place. The production tubing connections are threaded and have 
shouldering metal-to-metal seals which tolerate high torque forces. A torque 
transmission and torque linriting member transmits torque from die production tubing 
string to the liner, and disengages when excessive torque is applied to protect the 
tubing connections. Unjptudinal movement between the tubing and liner is permitted 
25 by a slip mechanism, which permits longitudinal movement of the production tubing 
string relative to the liner. The production tubing string may thus be moved during 
an emergency when cementing the liner, or when normally producing, treating, 
stimulating, or killing the well. A shear mechanism controls initiation of tubing 
movement after die liner is cemented. 
30 The system of the invention includes a production packer which may be set 

without movement of the liner. The packer is connected to the production tubing 
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itring so that the annular packer sal initially rotates witii the finer when posturing 
die liner downhote and when rota^ The 
packer may thus be set after the liner has been cemented in place. In a preferred 
form of the invention, the packer contains a small explosive charge which is 

5 detonated from the well surface* The setting procedure is indepen dent of well 
pressure or tubing movement to prevent the packer from setting during the liner 
placement or cementing operation. Hie packer is also capable of allowing for the 
circulation of high density fluids at high Sow rates in the annulus between the 
production tubing string and the casing both before and during the liner ~™rr»frg 

10 operation, and then subsequent setting of the packer without movement of the setting 
string. 

The PBR may be provided with a release system which permits release of the 
production tubing string by various jpeans, inclmfing prmnrlTing the tubing-to-casing 
annulus above the PBR* Upon initial separation of the tubing string, a rapid reverse 

13 fluid circnlatioQ flow is established which purposefully surges and sweeps cement and 
other contaminants upward into the tubing and away from the bore of die PBR. 
Specified sealing members at the lower end of the seal assembly withstand this 
intentional differential p ressure unloading technique. The invention thus allows the 
production tubing string to be re-engaged with the polished bore receptacle without 

20 the need for subsequent procedures to clean and redress the PBR. 

According to the method of the present invention, die Hner is positioned and 
cemented in place using the production tubing string. For a given well, the volume 
of cement which may be carried within an axial length of a typical production tubing 
string is greater than that which may be carried by the same axial length of a typical 

25 drill pipe string. Accordingly, the column of cement contained in the drill pipe 
extends higher than the same volume of cement contained in a production tubing 
string. The shorter cement column employed according to the method of the presen t 
invention produces a lower hydrostatic pressure in the weltbore which is less injurious 
to the hydrocarbon bearing formation. 

30 Use of production tubing rather than drill pipe to carry the cement to the liner 

also reduces mud contamination of the cement slurry. Drill strings are typically 
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lntcnnUy upset at their threaded-end connections, which produces a largo number of 
discontinuities in the flow ptth of the drill string. The pump-down {rings placed 
ahead of and behind the cement slurry do not effidentfy wipe the constricted areas 
of the drill pipe. By contrast, a production tubing string which employs premium 
5 shouldering, metal-to-metal seals in the threaded-end connections has a substantially 
uniform central bore which is efficiently wiped by die pump-down plugs. The 
smooth flow conduit provided by the production tubing also improves die flow of 
cement in the borehole as well as in the casing-to-liner annulus by iMiimtw»fo e 
excessive turbulence and velocity in the cement flow. Moreover, by providing 

10 production tubing rather than a liner within the set casing, die lap area annulus is 
increased to obtain a more reliable ce ment i n g operation* 

Tlie design of the present system eliminates the need for separate liner hangers 
and setting tools, and permits the use of both oilfidd tabular* with smaller outside 
diameters and larger inside diameters as compared with conventional cementing 

15 systems* The PBR may be sized for the production tubing string rather than for die 
liner, so that it has a smaller outside diameter and * shorter length tiban the PBR 
conventionally provided above the liner hanger* This feature permits larger fluid 
circulation paths which reduces circulating pressure and minimises formation damage. 
From the foregoing, it will be appreciated that a primary object of the 

20 invention is to provide a method and system for installing a finer within a well which 
eliminates the requirement for a finer hanger and a specialized liner-hanger running 
tool which must be withdrawn from the well prior to running in the final completion 
equipment. A related object of die invention to eliminate tihe need for a liner hanger 
to support the liner and permit rotation of the liner during cementation after the 

25 hanger has been set Since the liner hanger is not required as a suspension device to 
secure the liner in the weUbore during the cementing operation, no liner hanger 
bearing members are required to allow the liner to rotate relative to the hanger during 
the cementing operation. Another object in this invention is to enable continuous 
circulation throughout all liner placement or drill-down, conditioning and cementing 

30 stages. This continuous circulation capability increases wellbore safety and wellbore 
integrity and control in a manner which is not possible according to conventional 
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techniques wherein a liner hanger and running tool require cessation of mod 
circulation during disconnection of the running tool prior to commencement of 
cemeotmg* 

Another object of the present invention is to provide a method and system for 
5 installing a liner in a well without the normal cement contamination of the liner 
hanger polished bout rec ept a c l e. By eliminating both the liner hanger and the Bag 
PBR above the base of the set casing, subsequent remedial operations required to 
repair damage to the PBR bote caused during the ««^n^g procedure are avoided. 
The method and system for installing a liner within a well casing places the PBR high 

10 within the casing an adequate distance from the cement-top to substantially minimize 
or practically eliminate the lifrrJihood of the pumped cement filling the PBR. The 
technique of this invention aijo reduces the likelihood of cement stringers which tend 
to develop above the cement top during cementation. 

It is also an object of the present invention to provide a method and system 

15 for cementing a liner in a well using a shorter cement column and improved cement 
flow passages to reduce the hydrostatic bead and effective circulating p r essur es 
commonly encountered in conventional cementing procedure, thereby reducing the 
pressure of the cementing fluids acting on the down hole production formation and 
increasing recovery of hydrocarbons. A related object of the present invention is to 

20 improve the quality of liner cementation between both the borehole^a-Iiner section 
and the liner-to-casing overlap area by reducing the turbulence and velocity of cement 
flow with the use of production tubing rather than drill pipe for a cementing string. 

It is a significant feature of die present invention that well completion costs 
may be substantially reduced by eliminating separate, repetitive trips associated with 

25 running a liner hanger in a well and thereafter interconnecting the polished bore 
receptacle with a production tubing string. A related feature of the invention is that 
the completion costs are substantially reduced by mintiniTfry the likelihood of one or 
more remedial pipe running trips necessary to restore the mechanical integrity of the 
liner-to-PBR, or to clean out cement from the PBR. 

30 It is a farther feature of the invention to reduce damage to a formation caused 

by the hydrostatic head of cement By reducing the hydrostatic head of the cement 
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in the range of from 5% to 8%, formation fracture pressure my not be exceeded, 
thereby si gnificantly reducing damage to the formation and increasing tfae recovery 
of hydrocarbons ooce the cemented liner is perforated. It is a further feature of the 
invention to increase the quality of the liner cementing operation by reducing 

5 turbulence and vetodty of cement flow, and by minimizing the titelihood of cement 
contamination by well fluids or nnid doe to poor efficieiu^ of the wiper plop passing 
thro ugh tubulaxs with non-uniform internal bores. 

It is a related feature of the invention to reduce the pumping pressures 
required to flow cement into the ammlus between die liner and the formation. Hie 

10 annular flow area in the lap section below the production packer and above the 
bottom of the casing is increased. A relatively short PBR and packer assembly may 
be used with a smaller outex diameter than conventional systems, thereby resulting 
in lower effective circulating pressure* 

A further feature of the invention is that tfae production packer is intended to 

15 rotate with die production tubing string while the liner is positioned within the 
wdlbore and is cemented in place. The packer is designed to withstand external mud 
circulation during drilling, circulation, or cementing operations without adversely 
impacting its subsequent setting and sealing functions. The packer is designed to 
enable running on the production tubing without requiring additional setting tools. 

20 The packer may be normally set in the casing without movement of the central packer 
body, and may utilize hydraulic pressure downholc for packer-setting energy without 
an internal pent exposed to mud and/or crmraring fluids. The packer-setting 
operation may also be initiated and controlled by a remotely transmitted signal. 

Yet another feature of the invention is that the production tubing seal assembly 

25 is able to withstand high annulus-to-tubing differential pressures due to the design of 
the seal assembly and tfae polished bore receptacle. The PBR may also be provided 
with a torque tr ansmissio n and torque limiting device, with a single or multiple shear 
mechanism, and with an annulus-pressure response disconnect device. 

It is an advantage of the invention that existing downholc components may be 

30 used in much of the system according to the present invention. Another advantage 
of the invention is the reduction in downhole tools and setting tods required to 
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complcte a weiL A farther advantage of the invention is that tbe system may be 
customized for individual wells which require different ^•^mfftitm and load 
carrying requirementi. Tripping out only a portion of the production tubing may be 
required to complete the well. 

These and further objects, features and advantages of the present invention 
become apparent from the following detailed description, wherein reference is made 
to the figures in tbe accompanying drawings. 
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T^DcacipttonQf thcPrawinn 

Figure 1 is ft verticil elevation, partially in sc ct l ottf schematically depicting 
a conventional liner with * typical tubing string tie back to the well surface; 

Figure 2 is a vertical elevation, partially in section, illustrating the assembly 
5 of the present invention employing a pro du ctio n tubing string to position die liner, 
cement the liner in place and set the production packer; 

Figure 3 illustrates the system of the present invention as it appears following 
release of the production tubing from the polished bore receptacle and showing a 
reverse circulation of fluid which prevents contamination of the polished bore 
10 receptacle; and 

Figure 4 is a vertical elevation, partially in section, generally illustrating a 
torque transmitting ami Usque limiting mechanism and a shear-type release 
mechanism each provided within an upper portion of a polished bore receptacle* 
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pgajjettJaadBflflB at p«fared Bmbflflmena 

Figure 1 illustrates a conventional liner hanger arrangement indicated generally 
at LHA. A Iixttr banger LH is illustrated supporting a liner L within a casing string 
CS f wfaicfa has previously been cemented or otherwise secured within the welt The 
5 liner L extends below the casing string CS and into an open borehole B* A lower 
polished bore receptacle LPBR is provided immediately above the Kner hanger, and 
opens upwardly toward the weO surface (not illustrated). 

During the running of the liner L, a drill string and setting tool (not 
illustrated) are used to lower the liner L, the liner hanger LH, and the lower polished 

10 bore receptacle LPBR Into the illustrated position within the borehole B* Cement is 
circulated into the borehole through the drill string and liner L. During this 
cementing pr o cess , it is usually desirable to manipulate the drill string at die surface 
to rotate and/or r ec ipr oc a t e the liner L as the cement is being displaced into the 
borehole B. Prior to cementing, the liner hanger LH is set and die drill string is 

15 released from the liner hanger. Special weight carrying rotating assemblies in the 
liner hanger are used to rotate the liner during the cementation. 

Cement in the axmulus between the liner L and casing CS is frequently over 
dis p laced during the cementing process and the cement is circulated up over the top 
of the lower polished bore receptacle LPBR. This cement and other solids in the drill 

20 string-to-casing annulus Call down into the bore of the lower polished bore receptacle 
LPBR when the drill string and setting tool are released at the completion of the 
cementation procedure* 

After the liner is anchored in place and the drill string removed, the 
completion or production tubing string PT is lowered into the well with a packer 

25 tailpipe PTP, a production packer PP t and the upper PBR. A production packer PP 
may be spaced 100 meters or more above the liner hanger, and seals between the 
production tubing string PT and the casing string CS. The upper polished bore 
receptacle UPBR is provided immediately above the production packer, and allows 
the production tubing string to be selectively disconnected from the set production 

30 packer. The seal assembly SA at the lowermost end of the production tubing string 
is inserted into the upper PBR. Debris falling into the lower PBR as well as 
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mechanical damage to the lower PBR bore during placement of toe liner or release 
of the drill string may prevent effective sealing of a seal assembly (not shown) with 
the LPBR. Moreover, attempts at inserting the seal assembly into the bore of the 
LPBR may damage the seal assembly, thereby preventing proper sealing engagement. 
5 Figure 2 illustrates one embodiment of the system 10 according to the present 

invention. A casing string CS extends from the borehole B toward the well surface 
(not illustrated). The sytiem 10 utilizes a completion or production tubing string 11, 
which during production ties back to a receiving vessel or transmission line on the 
surface, to carry a connecting assembly represented generally at 12 into the wdL 

10 The c onn e c ting assembly 12 serves the purpose of both sealing the production tubing 
string with the set casing and interconnecting and selectively disconnecting the 
production tubing string from the equipment below assembly 12. The connecting 
assembly 12, in a general sense, thus performs a function similar to the production 
packer PP and the upper polished bore receptacle UPBR shown generally in Fig. I. 

15 Referring jointly to Figs* 2 and 3, the connecting assembly 12 includes a seal 

assembly 13 which extends between die production tubing string 11 and a polished 
bore receptacle 14, which is provided above a production packer 15. The system 10 
also innlurifti a section of production tubing 11a extending from below the packer 15 
to the liner 17. The production tubing section 

20 between the O.D. of the production tubing 11a and the LD. of the casing string CS 
for receiving cement to both improve cementation between the lower end of the 
casing C and the liner 17, and to protect the PBR 14 from contact with the cement 
A plurality of centralism 44 are preferably provided along the length of the 
tubing section 11a between the packer 15 and die liner 17 to centralize die tubing 

25 section Ua within the casing string CS. A crossover sub 16 connects the lowermost 
end of the tubing section Ua with the liner 17, which extends downwardly into the 
open borehole B. Those skilled in the art will appreciate that, in many applications, 
the liner 17 does not extend into a vertical borehole as shown in the figures, and 
instead extends into an inclined or substantially horizontal portion of the borehole. 

30 In either case, the production tubing string 11 is manipulated from the well surface 
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to position the User in place within the borehole and cement is posed through the 
production tubing string to cement the liner within the borehole. 

Figure 2 illustrates the liner 1 7 in position within the borehole B before being 
cemented into place* During the process of lowering the liner into position, the 
5 production tubing string 11 nay be rotated and reciprocated as required to force the 
liner into proper position* A clutch mechanism or other torque transmitting and 
torque Hunting device 20 as discussed Anther below is preferably positioned in the 
connecting assembly 12 and permits the rotary forces of the production string 11 to 
be transmitted to the liner 17. In the event that the liner 11 should lodge or should 
10 otherwise become difficult to rotate, the device 20 will release to permit rotation of 
the string 1 1 without corresponding movement of the User 17. This feature protects 
threaded connections in die string 11, such as 22, from being damaged due to over- 
torquing* 

Cement is pumped from the surface through the production tubing string 11 
15 and out of the bottom of the liner 17 into an annulus A between the borehole B and 
the liner 17. In the process, upper and lower tubing wiper plugs 40 and 42 may be 
employed to provide separation between the cwnent and the drilling fluids. While the 
cementing is in progress, the liner 17 may be rotated and/or rec ipro c a ted by 
manipulating the tubing string 11 to ensure proper disbursement of the cement in the 
20 annulus A. 

By pumping cement through a production tubing string rather than through a 
drill pipe string, the hydrostatic head of the pumped cement may be reduced, thereby 
minimizing damage to die formation. Those skilled in the art will appreciate that the 
internal diameter of a suitable production tubing is larger than the internal diameter 

25 of drill {ripe conventionally used for transmitting cement to the liner and into the 
borehole. For any given wdl application, the same volume of cement may thus be 
pumped through the liner and into the borehole with a lower hydrostatic bead due to 
the larger internal diameter of production tubing used for each well as compared to 
the size of the drill pipe string used in drilling and servicing die same wdl. Also, 

30 upper and lower wiper plugs which are used to separate the cement from other 
wdlbore fluids frequently cannot do an efficient job of wiping the interior surface 
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between the joints of drifl pipe due to the va^ 

pipe connections* By utilizing production tubing rather dm drill pipe to pump the 
cement to the liner, more efficient wiping of the plugs is obtained doe to the 
substantially uniform diameter of each of the joints of tubing both along the full 
5 length of each joint and between adjoining tabular joints connected by a high strength 
tubing connection, A suitable tubing according to the present invention may include 
both Model 521 tubing manufactured by Hydril or tubing manufactured with Adas 
Bradford Model DSS-HTC threads* The desired tubing has substantially uniform 
internal diamrtrr bores and high pressure metaMo-metal seals, and is able to transmit 

10 reasonably high torque and permit efficient wiping of the cement slurry. 

Those skilled in the art win appreciate that a substantial axial spacing of, for 
example, 300 meters may typically exist between the production packer and the 
lowermost end of the casing string CS. In the prior art, as shown in Fig. l f a packer 
tailpipe FTP conventionally extends between the production packer PP and the liner 

15 hanger LfL Using conventional techniques and equipment, both the packer tailpipe 
PTP and the liner L below the liner hanger LH have an internal bore diameter which 
is less than the bore of a suitable production tubing section Ua which extends 
between the production packer 15 and the liner 17 according to the present invention. 
This feature reduces the hydrostatic head of the cement during the cementation 

20 process to prevent formation damage. Equally important, die O.D. of the packer 
tailpipe PTP of the prior art is greater than the OJD. of the production tubing section 
11a of die present invention. Accordingly, the use of production tubing string Ua 
provides for a thicker amralus which is subsequently filled with cement than the 
annulus provided according to the prior art, thereby obtaining a more extensive and 

25 reliable cementing job and because of the increased volume available to receive 
cement, reducing the likelihood that cement will be pumped up to an area adjacent 
the production packer. Also, the threaded end connections of a conventional liner, 
like the threaded end connections of a drill pipe, provide a high resistance to upward 
flow of drilling mud or other fluid while the cement is pumped into the well. By 

30 using production tubing rather than drill pipe above the production packer, and by 
using production tubing rather than a liner below the packer, improved flow passages 
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are provided sod pump pressure r equire d to pump the cement downholc and to force 
the well fluid upward to the surface in the amnios within the casing string CS is 
reduced, thereby again reducing the Iffctlihoori that excessive pressure win damage 
the formation* 

5 The packer 15 is set after cementing with the use of a surface operated setting 

system (not illustrated) contained within the packer 15. The setting system may be 
designed to actuate a set of slips 24 and an annular packer seal 26 without axial 
movement of either the production tubing string 11 or the packer 15, which is 
structurally secured to die cemented liner 17* An example of this signalling system 

10 is described in corresponding U.S. Patent Application Serial No. 08/386,565 filed on 
February 10, 1995, and assigned to the assignee of the present application. In the 
setting mechanism according, to this invention, an explosive charge may be contained 
within the setting mechanism and nmy be detonated in response to sequential pressure 
signals sent from the well surface down through the well fluids to the packer. It is 

15 important that the packer 15 may be set using positive fluid pressure applied in the 
annulus between the casing and the production tubing string as the setting force or 
energy. Internal ports commonly used to set a production packer by increasing 
internal production tubing fluid pressure would become plugged with cement and 
prevent the production packer from being reliably set The packer may thus be set 

20 downhole in response to a pressure or pulse signal generated at the surface, and may 
use positive annulus pressure rather than internal production tubing pressure as the 
setting force* 

As best illustrated in Fig. 3, the packer 15 holds the top of the liner 17 firmly 
within the surrounding casing C and provides a seal between the casing string CS and 

25 liner 17. The packer 15 serves to provide a reliable seal to keep formation fluids 
from entering the annulus between the casing and the production tubing string 11 in 
the event thai well fluid pressure leaks past the cement surrounding the liner 17. 
Slips 24 within the packer prevent well pressure above or below the set packer from 
axially moving the packer within the casing string CS. 

30 The packer 15 is a drilling-compatible packer with an annular seal 26 which 

rotates with the production tubing string H while the liner is positioned downhole and 
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during the cementing process. The annular packer sell 26 is dm toyed or otherwise 
mechanically interconnected with the mandrel which puses through the f^rt seal 
sod thus ^yfth th e production tubing string to rotate io unison* If the annular psdo^r 
seal were allowed to remain stationary against the side of the casing string while the 
5 production tubing string rcfifcwl, which is the conventional arrangement for most 
packers, bearings and seals in the pecker would quiddy deteriorate, Since the 
annular parlrrr seal rotates with the production tubing string, mechanical guides or 
centralizers (not illustrated) may be provided above and below the production packer 
to reduce the likelihood of the unset annular packer seal engaging the casing during 
10 rotation of the production tubing string, thereby mini miring damage to the annular 
packer seal. 

The annular seal 26 of the production packer 15 is also designed to be able to 
withstand the fluid pressure as mud passes upward past the production packer in the 
annulus between the cawig and the production tubing string. The annular packer seal 

15 of the production packer should be both sized and structurally reinforced to withstand 
this circulation pressure since fluid flows past the unset packer seal while the liner is 
being positioned downhole and white cement is being pumped through the production 
tubing string and into the borehole. 

It is a feature of the present invention that the polished bore receptacle 14 may 

20 have an internal bore diameter which approximates die outer diameter of the 
production tubing 11, rather than having an internal bore diameter which must 
accommodate the conventionally larger outer diameter of the packer tailpipe FTP, as 
shown in the prior art of Fig. 1. For a given well, the polished bore receptacle 14 
may thus have a smaller outer diameter and have a shorter axial length than PBRs 

25 used in prior systems for the same well, thereby further lowering the pressure 
required to circulate drilling fluid upward between the casing and the PBR during the 
cementing operation. 

When the tubing string 11 is anchored at the wdl surface, limited longitudinal 
movement of the tubing string 1 1 relative to the cemented liner is permitted by a slip 

30 mechanism 28 included in the co n necting asse mb ly 12* Tbe slip mechanism 28 
allows the tubing to be moved as required to properly set the tubing 11 in the PBR 
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14-- and to lengthen or contact with respect to the PER during normal producing or 
treating operations. The production tnbinf string 11 may thus move with respect to 
the PBR 14 without jeopardizing the sealing integrity between the liner and the 
production tubing string. The PBR 14 may accept various types of seals 13 within 
5 a slip me c h a ni s m 28. Since die internal diameter of die PBR bore approximates the 
outer diameter of the prediction tubiiig string, the sed assesses 
to a high pressure-induced forces when the production tubing string 11 is removed 
- from me PBR 14. During this disc on nection operation, the lower seals 32 are able 
to withstand a high pressure in the annulus PA during me reverse flow of fluids, as 
10 discussed below. The PBR 14 is thus hydraulically compatible with the production 
tubing to mwrinrire pressure differential forces acting on the seals within die slip 
assembly. 

The PBR 14 accenting to this invention may be designed to transmit both 
torsional and tensile loads during running and cementing of the liner. As shown 

IS generally in Kg. 4, the upper end of the PBR H may include a torque transmission 
mechanism 34, which may consist of dreunifereuim lly arranged teeth 37 at the lower 
end of die production tubing string 11, and mating teeth 38 at the upper end of the 
PBR 14. The teeth are designed for mating engagement to transmit torque between 
the production tubing string 11 and the body of the PBR 14, and then to the 

20 production tubing 11a below the packer 15 and thus to the liner 17. Various types 
of torque tr ansmis s io n me c h a nisms may be provided for serving this purpose. The 
torque t ransmissi o n mechanism 34 may<also include torque-limiting members, such 
as webs 35a extending radially outward from body 36 each for fitting within a slot 
35b within the PBR 14. The webs and slots are designed to normally allow 

25 engagement of the teeth 37 and 38 to transmit torque through the webs 35a to the 
PBR 14. The webs 35a may be designed to shear and thereby limit torque to, eg., 
30,000 ft lbs., thus ensuring that excessive torque is not transmitted to the threads 
22 of the production tubing string 11 if the liner L should become stuck downhole. 
A clutch or other torque transmission and torque limiting mechanism 20 may be 

30 provided to reliably transmit torque while limiting torque for the purpose described 
above. 
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The assembly 12 say also contain an interlock system designed to sustain 
anticipated axial toads, both c ompr e s sive and tensile, winch may be expected in the 
conveyance of the tubing/Hcer system into the borehole. The interlock system may 
also release to permit axial movement of the seal assembly 13 relative to the PBR 14 

5 after the liner cementing operation. This axial movement may be for the purpose of 
complete disengagement of the seal assembly 13 from the PBR 14 aa required for 
fluid ebcolatioa or for die addition of components to the tubing string 11, or to 
control and enable relative movement of the seal assembly 13 within the PBR 14 
while maintaining pressure integrity. 

10 Figure 4 illustrates a single ring-shaped shear member 39 for a simplistic 

embodiment of an interlock system. The shear member 39 is biased radially outward, 
but is prevented by the upper body of PBR 14 from moving outwaid further than the 
position shown in Fig. 4. Once at the surfeoe, members 40 may be threaded further 
in, thereby co m pressing the shear member 39 and allowing the seal assembly 13 to 

15 be removed from the PBR 14. The assembly 12 may alternatively include a multiple 
shear system to accommodate tubing stress and tubing length changes. A shear 
assembly may thus include a plurality of shear rings each intended for shearing upon 
a selected axial force. During stimulation, remedial recovery operations, or killing 
of the well, one of the shear rings may be designed to shear upon the application of 

20 a selected axial force to the tubing string, thereby allowing the seal assemblies 13 to 
move up. Further axial movement will then be prohibited by the next shear ring t 
which will remain in tact until a higher axial force is subsequently applied to the 
production tubing string. The seal assembly may thus be stoked to shear a ring, and 
will rdatch in a new axial position within the PBR. This sequence may be repeated 

25 as often as desired, depending on the number of shear rings. Due to the multiple 
load-carrying and releasing functions of the interlock system in assembly 12, various 
mechanism may be employed, either individually or in combination, to achieve the 
flexibility requirements of varying anticipated downhole conditions and sequencing 
operations. 

30 The assembly 12 may also include an interlock system which is responsive to 

annulus pressure for disconnecting the production tubing string 11 from the polished 
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bore recept a cle 14. Various mechanisms may be used for this purpose, including a 
remotely actuated mechanism using hydraulic pressure or pulses. Removal of the 
tubing string 11 from die PBR 14 may be required, for example, to complete or 
wodoover the welL Removal may be effected by applying pressure to the annulus 
5 between the production string 11 and the surrounding casing CS. The increased 
annulus pressure may shear a pin upon reaching a selected pressure, therety relea^ 
an annular pressure-responsive piston. Axial movement of the piston causes the 
mechanical release of a collet mechanism which previously onnnmrd the production 
tubing string 11 and the PBR 14. The connecting assembly 12 may thus contains an 

10 interlock system with a release mechanism which provides for the release of the 
production tubing string from the packer 15 and the liner when the annular pressure 
exceeds that within the tubing 11 by a selected value required to shear the pin and 
release the piston. Once released, tt^ tubing string 11 and seal assembly 13 may be 
pulled up into the position illustrated in Fig. 3. 

15 The generation of a positive annulus pressure compared to the production 

tubing pressure during disconnection of the tubing string 11 from the PBR 14 creates 
a reverse flow of fluid as indicated by the arrows F in Kg. 3, thereby sweeping any 
debris or other contaminants up into the tubing and away from die PBR 14. This 
reverse circulation is continued until the solids in die well fluids have been removed, 

20 at which time the tubing string may be withdrawn. The seal assembly 13 is equipped 
with lower seals 32 which are designed to withstand high differential pressure 
unloading conditions, whto 

a positive pressure differential between the annulus and the flow path of the tubing 
11. The seals 32 are also designed to withstand the reverse flow of the well fluids 

25 which occurs immediately upon separation of the seal assembly 13 from the PBR 14. 
A significant feature of this invention is that fluid circulation may continue throughout 
the liner placement and cementing operations. According to prior art techniques, 
circulation was discontinued when di sc o nne cting the running toed from the liner PBR 
prior to the cementing operation. By allowing for continuous circulation, wellbore 

30 safety is enhanced and wdlbore integrity and control is increased. 
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If required, a portion of the production tubing string 11 may be tripped out 
and thai tripped back in to install a safety valve 46, as shown generally in Fig. 3. 
At the same time, other equipment may be installed at a position above the set 
production packer 15. A conventional downhole tool may be used to allow the 

5 threads 22 in the production tubing string at a selected axial location id be broken 
apart, so that only a portion of the production tubing string 11 need be retrieved to 
the surface. Alternatively, various types of disconnect members may be provided 
along the length of the production tubing string 11 between the surface and the 
production packer 15, so that only a portion of die production tubing string 11 may 

10 be retrieved to install a safety valve 46 or similar equipment. As a further 
alternative, the release mechanism discussed above may be activated, and the entire 
production tubing string tripped out of the well before perforating the production 
zone. v 

After setting the packer assembly 15 and hanging off the tubing 11 in the well, 

15 a conventional thiough-the-tubing perforation and completion is performed. A 
suitable perforating tod (not illustrated) may be lowered through the tubing 11 and 
into the liner 17 to the subsurface location bearing the h ydro c a rbons to be produced 
through the production tubing string. The p e rforating tool is actuated to cut 
perforations through the Una wail and surrounding cement and into the formation so 

20 that the hydrocarbons in the formation may flow into the liner and through the 
production tubing string 11 to the well surfece. 

According to the method of the present invention, a liner, production p a c ker , 
and a polished bore re cep ta cle may be run in on the production tubing string* Hie 
production tubing string is formed from tubing sections with a uniform internal 

25 diameter in each tubing section and between adjoining tubing sections. The 
production tubing string and the mechanically interconnected packer seal rotate 
together when positioning the liner in the wellbore and during the cement pumping 
operations. At least a portion of the annular overlap between the production tubing 
string and the lower portion of the well string is filled with cement during the cement 

30 pumping operation. Cement is thus pumped through the production tubing string 
rather than through a drill pipe string to cement the liner in place. The production 
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peckv may then be set with a production cubing already connected to the packer. 
The production packer is set without moving the tubing string, and preferably is set 
with annates pressure utilizing remote initiation of the pecker setting sequence in 
response to pulses or pressure. It should be understood that, in one embodiment of 

5 the invention* hydrocarbons are recovered at die surface through the production 
tubing string. In other embodiments of die invention, the tubing string is technic al ly 
not a production tubing string* since instead injection fluids may be pumped into the 
well through this tubing string. In other applications, die tubing string may be 
utilized for evaluation of the absence of flow or pressure monitoring. 

10 The connecting assembly also preferably includes a disconnecting mechanism 

for selectively enabling the production tubing string to engage or disengage from the 
prod u ction packer. The connecting assembly may also include an expansion 

m^hanttiw fWr ar^nmmortflting trial frgvel of thg production tubing string 11 mbiHyg 

to the set packer, a torque transmitting device, a tongue limitin g device, and a shear 
15 assembly with one or more shear rings* 

Various modifications to the equipment and to die techniques described herein 

should be apparent from the above description of the preferred embodiment* 

Although the invention has thus been described in detail for a specific embodiment, 

it should be understood that this explanation is for illustration, and that the invention 
20 is not limited to the disclosed embodiment. Alternative equipment and operating 

techniques will be apparent to those dolled in the art in view of this disclosure. 

Modifications are thus contemplated and may be made without departing from the 

spirit of the invention, which is defined by the claims. 
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1. A method for cementing a liner in a weflbore bdow a wefl casing, 
comprising: 

positioning & liner in a wellbore from a tubint string passing through the well 

5 casing; 

pumping fffnfflt through the tubing string and the liner to cement the liner in 
the weflbore while mechanically positioning the liner from the tubing string; and 

setting a packer to seal between the tubing string and the well casing while the 
liner is positioned within the wellbore from the tubing string. 



10 2. The method as defined in Claim 1 , wherein: 

forming the tubing string of tubing sections each having a substantially 
uniform internal diameter flow passage throughout its length and between adjoining 
tubing sections* 

3. The method as defined in Claim 1, further comprising: 

15 applying a fluid pressure externally of the tubing string greater than fluid 

pressure within said the tubing string; and 

mechanically releasing the liner from the tubing string in response to the 
applied fluid pressure. 

4. The method as defined in Claim 1, Anther comprising: 

20 manipulating the tubing string to move the liner while cement is being pumped 

into the wellbore. 

5. The method as defined in Claim 4, further comprising: 
mechanically interconnecting the tubing string and an annular packer seal on 

the packer such that the packer seal rotates with the tubing string within the well 
25 casing during manipulation of the tubing string. 
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6. The method at defined in Claim 1> fiather comprising: 
dicalatiiig — 81 ft** between fee packer and the wdl casing wMfe pumping 

cement through the tubing siring prior to setting the pecker. 

7. Hie method es defined in Claim 1, wherein setting the packer is 
performed without moving the tubing string spaced above the pecker, sad while the 
liner is ca rvr*"* in place within the weUbue with the liner structurally fixed to the 
packer. 

8. The method as defined in Claim 1, wherein setting the packer includes 
utilizing annulus pressure between the tubing string and the wdl casing to set the 
packer. 

v. 

9. The method as defined in Qaim 1, further comprising: 
extending the tubing string below the packer, whereby a tubing-to-casing 

annular overlap area is formed between a lower portion of the tubing string and a 
lower portion of the wdl casing; and 

pumping cement includes positioning cement m the overlap area. 
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10. A method of installing a liner in a wettbore, comprising: 
positioning a liner, a packer, and a tubmg disconnect wWnn the wdlto 

a tubing string; 

pumping cement through the tubing string and the liner to cement the liner in 
the weflbore while circulating well fluid upward past the packer and the tubing 
disconnect in the weflbore; 

nanfrmlating the tubing string to move dm liner while cement is pumped into 

theweUbore; and 

setting the packer to seal the tubing string in the wellborn. 

11. The method as defined in Claim 10, further comprising: 
pressurizing an annulus spaced exterior of the tubing string; and 
activating the tubing disconnect to remove the tubing string from die packer 

while maintaining the pressure in the annulus to permit fluid flow from the annulus 
into the tubing string. 

12. The method as defined in Claim 10, further comprising: 
automatically limiting the torque transmitted between the tubing string and the 

liner. 

13. The method as defined in Claim 10, further comprising: 

die tubing disconnect includes a polished bore receptacle with a uniform 
diameter bore therein and a seal assembly for sealing between the tubing string and 
the uniform diameter bore; and 

sizing the uniform diameter bore as a function of an outer diameter of the 
tubing string to regulate the pressure differential-induced loading on the seal assembly 
and the tubing. 
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14. A method for completing a wtfl, compriamg; 

sapending ■ r*^"^" frf» fa • wdiiMwa betowa *-fcn 

from & production tubing strings 

pu pp ing cement the production tubing string to cement the liner in 

5 tneweSbore; 

setting the production pecker to seal an annulia between a well casing and the 
prooucoon cuotng sums; ma 

recovering formation fluid through die liner and the production tubing string. 

15. A method as defined in Cfadm 14, further comprising: 

10 applying a fluid pressure externally of the production tolling string greater than 

the fluid pressure within the production tubing string; and 

releasing l ino production tubing string from the liner wfaOe **fflintwimng the 
fluid pressure whereby a revene fluid circulation flow is established to cany well 
fluids and contaminants upwardly through the production tubing siring. 

16. The method as defined in Claim 14, further comprising: 
manipulating the production tubing string to move the liner while cement is 

being pumped into the weffiwre; and 

circulating well fhrid between the production packer and the well casing while 
pumping cement through the production tubing string prior to luffin g the production 
packer. 

17. The method as defined in Claim 14, Anther comprising: 
removing a portion of the production tubing string from die wellbore to 

position a safety valve within the production tubing string prior to recovering 
formation fluid through the liner and the production tubing string. 

25 18. The method as defined in Claim 14, wherein setting the production 

packer includes utilizing annulus pressure between the production tubing string and 
the well caring to set the production packer. 
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19. The method as defined in CTihn 14, further comprising: 
providing a crossover sob beneath die production packer and between a tower 

end of the production tubing string and an upper end of the liner. 

20. The method as defined in Claim 14, further comprising: 
mechanically uiierconnecting the production tubing string and an annular 

p acker seal on the production packer such that the packer seal rotates with the 
production tubing string within the well casing. 
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21. A system far positioning of ft Uner bdow a well casing utilizing a 
tubing string within the well cuing, comprising: 

ft poBshwf bore receptacle far selectively sealing and receiving an upper 
portion of the tubing string and for discom^ 
strings 

a packer below the polished bore leoepcade far sealing between the tubing 
string and the weU casing, the packer including an annular pari«r ««i m^tij^jiy 
interconnected with the tubing string for rotating with the tubing string; 

a lower portion of a tubing string extending below the packer; 

a crossover sub for interconnecting the lower portion of the tubing string and 
an upper portion of die Uner; and 

upper and lower pumpdown plugs for positioning above and bdow a column 
of cement within the tubing string for pumping cement into the weHbore and about 
the liner* 

22. The system as defined in Claim 21, farther comprising: 

the polished bore receptacle includes an elongate polished bow of a uniform 
diameter^ and 

a lowermost end of the upper portion of the tubing string includes a seal 
assembly for sealing engagement with the uniform diameter bore within the polished 
bore receptacle, 

23. The system as defined in Claim 21, farther comprising: 

a torque limiting device to automatically limit torque transmitted betw een the 
tubing string and the Uner. 

24. The system as defined in Claim 21, farther comprising: 

a disc o nnect member far cootroUabiy disconnecting the upper portion of the 
tubing string and the polished bore receptacle. 



25. A msthod of installing a linsr substantially 
as h*rsinb*for« described with reference to the 
accompanying drawings. 

26. A systsn for positioning a liner 
substantially as hereinbefore described vith reference 
to the accompanying drawings* 
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